OBJECTIVES: Delirium after cardiac surgery is a problem with consequences for patients and healthcare. Preventive strategies from known risk factors may reduce the incidence and severity of delirium. The present aim was to explore risk factors behind delirium in older patients undergoing cardiac surgery with cardiopulmonary bypass.
INTRODUCTION
Neurological complications after cardiac surgery remain an intriguing issue with a complex background. Delirium is a neuropsychiatric syndrome, which found its place in cardiac surgery from the early beginning of cardiopulmonary bypass (CPB) described as postcardiotomy delirium [1] . In more recent years, brain damage after cardiac surgery has been described in terms of stroke and neurocognitive decline, with reference to Type-I and Type-II injury, respectively [2] . Delirium is probably the most common symptom of Type-II injuries. The distinction between delirium and the former nomenclature has not yet been clarified [3] .
Postoperative delirium is a clinical reality being common after all types of surgery. Delirium is described as fluctuations in cognition and attention. By definition it is assumed to express an underlying cause and is often transient [4] . The reported incidence of delirium after cardiac surgery varies, exemplified by 8-52% [5] [6] [7] . The condition is more common among old patients [8] . The span in incidence between studies may partly reflect various means for how delirium has been screened and diagnosed. Delirium is a psychiatric syndrome that hides various types of pre-existing ( predisposing), inflicted brain injuries and side-effects of the medical management ( precipitating). Advanced age, previous cerebrovascular disease and diabetes exemplify the commonly referred predisposing risk factors [5] . Suggested precipitating factors are: ventilator time [5] , postoperative infections and prolonged operating time [8] . The subdivision of risk factors has a purpose. Predisposing factors may be used for risk evaluation prior to surgery, whereas precipitating factors may be considered for improving the clinical care and avoiding delirium.
This study aimed at identifying potential predisposing and precipitating risk factors behind delirium in consecutive patients, 70 years and older undergoing cardiac surgery.
MATERIALS AND METHODS

Subjects
Patients (≥70 years) scheduled for routine cardiac surgery with planned use of CPB were included. All patients were operated on at the Cardiothoracic Surgery Department, Umeå University Hospital, Sweden, in between February and October 2009. During this period, 199 patients were eligible for inclusion. The exclusions criteria were: acute procedures, planned deep hypothermic arrest, known psychiatric disease, severe communication difficulties and severe vision or hearing problems (n = 6). Also, 15 patients were lost due to administrative reasons, resulting in 178 patients, who were approached. Of these 153 patients gave oral and written consent to participate. Eleven patients did not complete the study protocol due to various reasons leaving 142 patients, who were reviewed for analysis. The 36 patients lost for analysis did not differ from the analysed cohort in terms of gender, age and procedural type. The study was approved by the ethics review board of the medical faculty at Umeå University Hospital (Dnr 08-169M).
Operative procedures and anaesthesia
The patients were premedicated with oral acetaminophen, oxicodone and zopiclone, routinely 2 h before anaesthetic induction. Intramuscular morphine and in a few cases ketobemidone or morfine-scopolamine was administered 30 min before arriving into the operation theatre. General anaesthesia was induced with intravenously propofol and fentanyl, supplemented with small doses of midazolam when required. Tracheal intubation was performed after administration of pancuronium. Muscle relaxation was not reversed. Anaesthesia was maintained with additional fentanyl and isoflurane in air/oxygen. Antibiotic prophylaxis was given routinely until the first postoperative morning. Blood pressure was controlled with phenylephrine or norepinephrine. The requirement of blood transfusion and infusions was assessed from haemodynamics monitoring, urine output, blood-gas measurements and from echocardiographic findings. Surgery was performed according to standard methods including cardioplegic arrest at aortic cross clamping. In coronary procedures, a partial aortic clamp was applied for the suturing of proximal anastomoses. In open-heart procedures, carbon dioxide was flushed over the wound for de-airing purposes. Aortic calcifications were mainly assessed by palpation only or by ultrasound. During CPB, alpha-stat conditions were applied. Propofol infusion was initiated at CPB weaning to be continued until extubation in the intensive care unit (ICU). Extubation occurred when the patient was circulatory and respiratory stable. Postoperative pain relief during hospitalization generally encountered oral paracetamol and oxycodone and if necessary intravenously ketobemidone.
Data collection, assessments and variable definitions
A protocol for data entry was designed in chronology with the ward sequence. Medical, social and functional data were collected by interviewing the patient on admission. Additional data were retrieved from medical records and from the local clinical database.
Variables were separated into predisposing and precipitating (Tables 1 and 2 ). The predisposing variables were defined as those registered in advance of surgery. In brief, diabetes included childhood and adult types, regardless of insulin requirement. History of cerebrovascular disease included any type of documented stroke or transient ischaemic accident. In general, the predisposing variables included any type of reported or documented ongoing condition of clinical relevance. The precipitating variables described intraoperative and early postoperative observations. The temporal relationship vs delirium onset was considered for causality. The variable volume load during operation was the sum of infused volumes administered in the operating theatre. The variable included: CPB prime with mannitol added, crystalloid cardioplegic solutions and infusions from the anaesthetic management. Blood transfusions were separately analysed and not included in the variable volume load. The term blood transfusions included erythrocytes, plasma or platelets used. Preoperative infusions were generally not given. Infusions during surgery and CPB were of crystalloid type. Crystalloid and colloid infusions administered postoperatively in the ICU were not monitored in this study.
Surgery included a variety of procedures and combinations thereof. The procedures were here separated into isolated or combined surgery, with avoidance of too small subgroups. Isolated procedures referred to either coronary artery bypasses grafting or valve replacement/repair. Both aortic and mitral valve procedures were included. All other procedures were categorized as combined. Among the combined procedures, 5 patients had simultaneous intervention of the ascending aorta. One patient became exposed to deep hypothermic arrest and remained included. Redo-cardiac procedures accounted for 8 patients.
The patients were assessed preoperatively and on Day 1 and Day 4 postoperatively. In only 1 of the 142 patients the ventilator time exceeded 24 h. This patient remained eligible for analysis although follow-up was delayed. The median length of postoperative stay was 6 days. Cognition was assessed with the Mini-Mental State Examination (MMSE). The MMSE scale is an interviewer administered scale, with a range from 0 to 30. A score of <24 indicates a notable cognitive impairment and the instrument is associated with good concurred validity [9] . In addition, the Organic Brain Syndrome Scale (OBS) was used. The first subscale of this instrument resembles the MMSE and was disregarded here. The next subscale, sensitive to confusion, is based on observations and interviews of the patient and caregivers. The scale is comprehensive, describing 34 clinical features and is rated on a scale from 0 to 3 (from lack of symptoms to strong manifestations). These features are exemplified by: diurnal cognitive fluctuations, emotional reactions, suspiciousness and delusion, hallucinations, language and speech disturbance, neurological symptoms, spatial disorientation and impaired recognition [10] . The OBS scale was performed together with the MMSE.
Delirium was diagnosed according to the DSM-IV-TR criteria [4] based on the MMSE and OBS-scale recordings. Fluctuations in cognitive status are part of these criteria. With repetitive MMSE screenings, fluctuations in cognitive status are monitored and evaluated [11] . Moreover, the OBS scale is an established instrument in these perspectives [10] . Their combined use (MMSE and OBS scale) has been found valid in previous studies regarding delirium [6, 10] .
All assessments in the study were done by two trained research nurses. For delirium diagnosis, two senior experts in psychogeriatric medicine independently analysed the two instruments vs the DSM-IV-TR criteria. Patients diagnosed with delirium were subgrouped into those with hyper-, hypoactive and mixed profiles. It was not possible to subgroup some of the delirious patients by these characteristics. Nevertheless, in this study, delirium was analysed collectively regardless of subgroup characteristics.
Additional scoring instruments were used. Pain was assessed by the Numerical Rating Scale (NRS, range 0-10, low to high pain) [12] . Depression was evaluated by the Geriatric Depression Scale (GDS)-15 with higher scores indicating more depressive symptoms [13]. Most of the underlying variables of EuroSCORE-I [14] were considered separately rather than using the score value.
Statistical methods
Extracted data were tabulated using Microsoft Excel. Variables were reviewed for normality, outliers and dependencies. For variables with obvious co-variability, one was selected on the basis of its assumed higher clinical relevance. For instance, CPB time was preferred rather than aortic cross-clamp time. Also, weight was used rather than body mass index because of its higher predictive value in the analyses. Variables were tested against delirium by means of univariate and multivariable logistic regression. Continuous variables were generally used in their numeric mode rather than being categorized. Non-conformity to linearity was considered in this respect. Also, co-linearity between variables vs delirium was reviewed and considered. In view of the surplus of information in relation to the cohort size, the inclusion to multivariable testing was restricted to variables associated with delirium and a P-value of < 0.10. Apart from this rule, gender was added for its assumed principal importance. The process followed a manual backward conditional approach, with forward testing as control. Missing data were few and accounted for only 80 of 12 698 recordings. For these, case-wise deletion was applied. Preoperative variables were separately analyzed from those describing the intra-and early postoperative period distinguishing predisposing and precipitating risk factors. The two groups of variables were also run together in a multivariable model. The extracted independent risk factors were applied on the cohort for analysis of their explanatory strength. The probability of developing delirium was calculated and interpreted based on a cut-point of 0.50. Their accuracy was evaluated by receiver operating characteristics (ROCs). 
RESULTS
In total, 78/142 (54.9%) of the patients were diagnosed with delirium postoperatively, based on the DSM-IV-TR criteria. Delirium was divided into subprofiles: hypoactive (n = 56/78), hyperactive (n = 4/78), mixed (n = 4/78). The remaining patients were nonclassifiable (n = 14/78). Risk-factor analyses were not conducted on subgroup levels.
Patient characteristics for predisposing and precipitating variables, respectively, are given in Tables 1 and 2 . These tables also describe the univariate results with respect to delirium and the variables of interest for multivariable testing are indicated to be further listed in Table 3 . In multivariable logistic regression, the following predisposing variables were found independently associated with delirium: preoperative pain score on NRS, diabetes, oxygen saturation and combined surgery. These variables had about the same statistical influence (i.e. Wald) in predicting postoperative delirium. The precipitating variables were separately analysed to expose: volume load during operation, postoperative ventilator time and plasma sodium concentration in the ICU. Among these, the volume load during operation had the strongest predict influence.
A somewhat different model was obtained when the predisposing and precipitating variables were collectively analysed (Table 3 ). In this model diabetes, ventilator time, sodium concentration and volume load during operation remained independently associated with postoperative delirium, together with age and early postoperative temperature. The variable peptic ulcer showed a borderline significance in this model. When this unexpected variable was removed, the model remained essentially unchanged with only a modest decrease in explanatory strength. The highest predictive influence in the model was obtained from the variable volume load during operation.
In Table 4 , the statistical results are shown for the various models applied on the cohort. All models (e.g. predisposing, precipitating and combined) were highly significant. Nevertheless, the model based on precipitating variables gave a somewhat better explanatory strength than that based on predisposing factors. The strength increases when both predisposing and precipitating factors were collectively considered in the model. This was illustrated by the Nagelkerke R 2 value explaining 34.6% of the variance. The corresponding ROC curves are shown in Fig. 1 with their areas under curve listed in Table 4 . 
DISCUSSION
Delirium was diagnosed in 55% of the patients, 70 years and older undergoing consecutive routine cardiac surgery. Both predisposing and precipitating factors contributed to delirium. However, when predisposing and precipitating were combined, the predictive strength of the model increased notably with more than one-third of the variance explained. In overview, our study confirmed many of the previously suggested risk factors. In addition and of great interest in our study, the variable volume load during the operation was found to be a dominant factor, not previously identified. The incidence of delirium was higher in our report than in most other studies [7, [15] [16] [17] [18] . Partly, this finding may reflect our careful and comprehensive cognitive testing being performed both before and repeatedly after the operation. Studies not using cognitive tests usually report a much lower incidence rate, since many patients with hypoactive delirium are likely to have escaped detection [15, 17, 18] . Also, our observational period of delirium included four postoperative days being longer than in most other studies [7, 18] . A third factor that may have contributed to our results was the selection of older patients and inclusion of surgical procedures other than isolated coronary bypass.
The variable volume load during the operation was strongly associated with postoperative delirium. This variable added together infusions administered in the operating theatre for anaesthetic and CPB purposes. Blood transfusions were separately analysed and blood products had no independent influence on delirium. On average, each patient was given 3.7 l of fluids. The difference between delirious and control patients was small in numeric terms, but the variable was associated with the highest predictive influence. Per litre of extra volume, the risk of developing delirium increased nearly 3-fold. An association between volume load and delirium has not been previously reported. However, Bucerius et al. [5] observed that patients exposed to intraoperative haemofiltration showed an increased risk of postoperative delirium. Moreover, they also reported that patients exposed to beating heart coronary bypass surgery were protected against delirium, implying a mechanistic role of CPB. This comparison must be considered with care because in their study no cognitive testing was performed and their reported incidence rate of delirium was only 8.4% [5] .
A high sodium concentration in the first postoperative morning predicted delirium, independently from that of an increased volume load during surgery. The two variables showed no statistical correlation, an observation that talks against an electrolyte disturbance being the result of intraoperative infusions given. The association between sodium concentration and delirium is previously identified [19] . The interpretation regarding sodium in our study is complex because none of the patients was hypernatremic by definition. It must also be brought to mind that both intraoperative volume load and sodium concentrations in the ICU may be surrogate variables for unknown factors. Nevertheless, our study used a wide range of analysed variables which counteracts this potential error.
Additional variables with relevance to delirium were identified. In brief, diabetes increased the risk of delirium 3.5 times, which finds support in previous literature [5, 20] . Age is another wellknown risk factor behind delirium [15, 18] . In our study, the risk of developing delirium increased 10% per extra year of age. Here only older patients were analysed, 70 years of age and older. Despite this restrained selection of older patients, age remained independently associated with delirium in this cohort. The selection may also explain the high incidence rate of delirium, compared with many previous studies.
Among the precipitating factors, a prolonged ventilator time was associated with delirium. This observation supports previous suggestions [15] . The risk of delirium increased 20% per each extra hour of ventilation. Nevertheless, the variable is complex and a prolonged ventilator time may reflect an underlying cause (e.g. comorbidities, anaesthetic managements or complications at surgery). Also, the variable is bias from local ICU routines (e.g. extubation protocols and differences between individual care givers). Moreover, some studies have reversed the causality to explain a prolonged ventilator time as a result of delirium rather than the other way around [15, 18] . An increased body temperature in the early postoperative period was associated with delirium. Our observation finds scattered support in the literature [21] and is not assumed to reflect an infectious disease, being too early after surgery. Infection is otherwise a well-known trigger of delirium [22] . In contrast to our finding, a low intraoperative body temperature has also been found relevant [16, 19] . Intraoperative temperatures were not recorded in our study. However, the cooling during CPB interferes with this issue with a low CPB temperature reflecting a complex and long-duration procedure probably being more important than the temperature as such. An unexpected finding in our study was that patients reporting gastritis and/or peptic ulcer problems had an increased risk of delirium. This observation showed a borderline significance and must be considered with caution. The multivariable model was also tested without this variable included without affecting the results notably. This study reports the results from consecutive older patients undergoing cardiac surgery. The study was based on comprehensive assessments including cognitive testing both before and repeatedly after surgery. All assessments were performed by two trained research nurses. Similarly, a large number of variables were systematically extracted for analysis, pre-, intra-and early postoperatively. Unfortunately, pharmacological interactions were not explored. Our study is also limited from its relatively small sample size in relation to the surplus of variables analysed. Therefore, our findings should be validated in future studies. Certainly, contributing factors behind delirium are to be sought among a variety of factors beyond those tested in our study, for example, inflammatory and embolic mechanisms. Also, our results are valid only for the cohort studied of older patients during their period of hospitalization.
In conclusion, delirium was common among older patients undergoing cardiac surgery. Both predisposing and precipitating factors contributed to delirium and it is potentially possible to modify several of these factors in daily clinical practice. The strongest precipitating factor for delirium was an increased volume load during operation. An association between delirium and volume load has not been previously identified, a detail that it may be possible to investigate in a randomized study.
